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INTRODUCTION. 
In  the  course  of  some  work  upon  photobiological sensitization,  Busck  (1) 
found that,  upon exposure of blood cells of the dog, suspended in  .85  per cent 
NaC1 solution, to fight from a  carbon arc, all of the red cells were hemolyzed 
within  15  minutes,  whereas the white cells were  to  all appearances unchanged 
(Experiment 27, page 491). 
Lewis and Lewis  (5), from  their work on  tissue cultures of blood cells from 
lower vertebrates, dogfish, skate, certain teleost fishes, the frog, the toad, and the 
snake,  make  the  following  statement.  "The  blood-cultures  from  these  cold 
blooded animals were kept at room temperature and  out of the strong light, as 
the latter has a decidedly injurious effect upon the cells" (page 102). 
In addition to these two, several other references may be cited as of interest. 
Reed (7), using the carbon-tungsten arc, irradiated the blood of the dog in vivo, 
the fight being directed through the wall of a quartz tube inserted in the course of 
the carotid artery.  Directly after the irradiation he found an absolute leucopenia 
and an absolute lymphopeuia, but a relative lymphocytosis. 
Miles and Laurens  (6),  subjected dogs  to  1  hour  irradiation a  day, using a 
carbon arc which had been so  adjusted as to give an intensity of light equal to 
that  of sunlight at  Washington,  D.C.  They found  that  following irradiation 
there was a marked rise in the  white blood count due to a rise both in the number 
of neutrophils and of lymphocytes.  They also found that in  the blood smears 
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there  were  many  "smudges,"  as  well as  some  lymphoblasts and  myeloblasts. 
They interpret the  "smudges" as indicating a  rapid destruction of white blood 
cells. 
Clark  (2), irradiating the ears of rabbits with  light from  an  iron  arc,  found 
that there was an immediate drop in the total white blood count, and that this 
drop  was  due  to  a  lymphopenia.  Irradiating similar animals  through  a  glass 
screen she found the total white cell count unchanged after irradiation, but found 
an absolute lymphopenia. 
In an attempt  to follow the changes shown by certain leucocytes in 
tissue cultures  1 of mammalian  blood cells, work was greatly hindered 
by  the  exceedingly  rapid  and  extreme  degeneration  of all types  of 
white blood cells in the cultures.  In an effort to determine the etiol- 
ogy of this degeneration about  1500  cultures were examined. 
Materials and Methods. 
The blood from which these cultures were planted was taken from cats, guinea 
pigs, and  rabbits.  Most of the work, however, was  done on  the  blood of the 
rabbit.  The general technique used for the preparation of the  cultures  was  as 
follows.  Blood was drawn, either by heart puncture or, after opening the abdo- 
men with  the  animal under  an  anesthetic,  from  the  abdominal aorta.  It was 
immediately transferred to oiled or paraffined Pyrex tubes which were stoppered 
and centrifugated.  When the blood clot had formed it was removed from the 
tube in toto, washed in Tyrode solution (pH 7.4), and the buffy coat of the clot 
was cut up in the same solution, by means of a pair of iridectomy scissors.  Frag- 
ments obtained in this way were transferred to "non-corrosive"  cover-glasses  ~ by 
means of a  platinum loop and were then covered by a  drop of some one of the 
following media: Tyrode  solution,  autogenous  serum,  autogenous  plasma,  an- 
togenous  heparin  plasma,  or mixtures of  these with  chick embryo juice.  The 
cover-glasses were inverted over hollow ground slides of the same glass, and the 
edges were sealed with "Salvoline," a  high melting point petroleum jelly.  This 
whole process was carried out aseptically, and usually required not longer than 
1 hour for its completion.  These cultures were placed in trays, in groups of five, 
and set in a  dark, water-jacketed incubater which was kept at 37.5 °.  For  ex- 
amination, a whole tray of slides was removed and set in the microscope hot box 
which was also kept at 37.5 °  .  Slides were there changed from the tray to  the 
microscope stage as desired. 
l The term  "culture" is applied to  these preparations throughout  this whole 
work, although it is realized that many of the preparations are not true cultures 
in the sense that they show active growth. 
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In the preliminary work, several different microscope light sources were em- 
ployed.  These were all incandescent,  tungsten filament,  vacuum- or gas-filled, 
electric globes.  They ranged in current consumption from 15 to 200 watts and 
operated at from 6 to 120 volts.  The spectra of two of these sources are shown in 
Spectra 2 and 3, Fig. 4.  These light sources were used either with  or without 
auxiliary glass lenses, and were placed approximately 250 ram. from the concave 
mirror  of  the  microscope.  The  light  was  reflected  by  this  mirror,  passed  up 
through  the  three  lenses  (1.4  N.A.), aplanatic  substage  condenser  (#ass),  the 
hollow ground slide, and the chamber of the slide, thus finally reaching the culture. 
EXPERIMENTAL. 
An outline of the nature and sequence  of the degenerative changes 
seen in these cultures is presented at this point. 
A short time after the microscopic  examination of any one of the cultures was 
begun, it was noted that the neutrophi]s of that culture rapidly  became  increasingly 
ameboid, while the flow of cytoplasm  within the cells also increased both in extent 
and in velocity.  At the same time, the cytoplasm became more fluid, as was 
shown by exaggerated brownian movement of the cell granules.  Soon  cellular 
movement ceased and the cells became spherical, although for some time, many 
of them continued to put out slender cytoplasmic processes.  The polymorphlc 
nuclei became swollen and rounded (Fig. I).  As a result of this change  in nuclear 
shape, it was difficult to estimate further changes  in the volume  of the nuclei, but in 
many preparations it appeared to undergo reduction after a short time.  There 
was neither shrinkage nor collapse of the nucleus however, until very late in the 
process of degeneration; rather it remained very turgid.  The cells gradually 
became tremendously swollen; in several instances an increase to three times 
the normal diameter was observed (Fig. I).  It is of interest to note that this 
indicates an increase to twenty-seven times the normal volume.  During  this 
swelling process the viscosity of the cytoplasm  continued to decrease.  Further, 
a number of minute oil droplets, which stained with Sudan III, became visible 
throughout the  cytoplasm.  These droplets apparently originated from the 
cytoplasm. 
From this stage on, two terminations of the degenerative process were observed. 
In the first of these, the cytoplasm  gradually coagulated around the nucleus, so 
that the cell membrane was left as a shell which was slowly autolyzed.  In the 
second, the swelling became so great as to rupture the cell membrane, and a jet of 
cytoplasmic  fluid was thrown  out into the surrounding medium.  At the moment 
of rupture the dancing granules and oil droplets rapidly agglutinated, evidently 
from contact with the surrounding medium.  The extruded cytoplasm almost 
instantly coagulated.  Subsequently a  process of gradual, and  more or  less 
complete autolysis of the dead ceil began. 
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stages, it was found that the cells had completely lost their characteristic vital 
staining with  these dyes.  The neutrophilic granules did not  show  their usual 
light tan color with neutral red, while, unless the cells were too far degenerate, 
the nuclei took up the dyes.  This reaction is characteristic of dying cells. 
The  type of degeneration shown  by the eosinophil appeared very similar to 
that shown by the neutrophil.  There was the same preliminary acceleration of 
cellular movement  and  of  intracellular cytoplasmic movement.  At  the  same 
time, the brownian movement within the  cell became exaggerated and  the cell 
began to round up.  The brownian movement continued and increased for some 
time after this, but its amplitude never reached that shown by the granules of the 
neutrophil.  This was due, in part at least, to the large number of granules within 
the cell, and also to their size. 
The eosinophil also became swollen, but even in its final stages its diameter 
rarely exceeded one and one-half times the diameter of the normal cell.  It showed 
nothing like the amount  of swelling shown  by the  neutrophil,  nor was  it ever 
observed to increase in size to the point of rupture of the cell membrane.  The 
nucleus of the eosinophil also increased in size, although this increase, also, was 
less marked than that noted in the nucleus of the neutrophil.  As a result of the 
swelling, this nucleus likewise had a  tendency to become spherical, but even in 
the extreme stages of its degeneration the two lobes could generally be made out. 
The cytoplasm gradually coagulated around the nucleus, and, as a  result, one 
side  of  the  cell  was  often left almost free of granular  material.  During  this 
process of coagulation and the still later stages of degeneration, the eosinophilic 
granules slowly lost their affinity for neutral red, while their outlines became hazy 
and sometimes completely disappeared.  When this occurred the whole group of 
granules was left as an apparenty free, but coagulated, conglomerate  mass.  In 
some cultures these cells remained in this condition for several days.  Oil droplets 
were observed far more rarely in the eosinophil than in the neutrophil, and even in 
the one or two instances where they were noted, they were very small. 
The degeneration of the basophil  was  essentially like that  of the eosinophil, 
except that the nucleus became  enlarged until it was practically spherical, and, 
since it increased in size far more rapidly than did the volume of the cell, it often 
forced aside the cytoplasmic granules until  they were all crowded within a  very 
small segment of the cell.  Only very small fat  droplets were  observed in  the 
basophil, and these but once or twice. 
The monocyte underwent a series of changes almost identical with those shown 
by the above cells.  Within a short time after examination was begun there was 
a  marked increase in  the  refractive index of  the  nucleus,  this  body becoming 
distinctly visible.  As the brownian movement of the  cell vacuoles increased, the 
cell gradually rounded up and its outline became more clearly visible.  At the 
same time, the cell swelled to  some degree, and,  as indicated by the  increased 
amplitude of brownian movement within the cell, the viscosity of  the  cytoplasm 
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liberated within the monocyte during its degeneration  than within any other 
type of cell.  AU of this fatty material, as in the case of that contained within 
the polymorphonudear neutrophil,  stained deeply in Sudan IIL 
Because of the difficulty experienced in finding and identifying  the large lympho- 
cyte, its degenerative  cycle was not worked  out.  The small and intermediate 
lymphocytes, however,  were more  easily followed.  These  cells were normally 
almost motionless and no preliminary stimulation, such as was seen in the de- 
generative cycle of the other cells, was observed.  This, however, does not neces- 
sarily mean that such does not exist; more probably it means that, in view of the 
very low motility of the cell and its small area of cytoplasm,  our methods for 
determining stimulation have not been sutficiently sensitive. 
The first visible change in the lymphocyte was a marked increase in the size 
of the cell, often to one and one-fourth to two times its original diameter.  The 
mitochondria,  whether examined  unstained or stained by Janus green,  swelled 
somewhat,  and  then gradually disappeared.  There  was  little  change  in  the 
nuclear size, but the cytoplasm of the cell became typically edematous.  In some 
cases, the cell wall remained for several days as a distinct turgid shell.  No fat 
droplets were observed in these cells. 
In  connection  with  the  preliminary  studies  upon  which  the  pre- 
ceding  description  is  based,  several  characteristics  peculiar  to  the 
distribution  of  degenerate  cultures  through  any  one  series  gave 
evidence that the degeneration must have been caused by some factor 
intimately associated with the process of examination.  An attempt 
was next made to examine the different factors which might be respon- 
sible for this degeneration.  By substitution of a dry objective for the 
oil immersion objective,  the immersion oil was definitely eliminated 
as the  cause of degeneration.  Further,  by very careful handling of 
the culture, the factor of mechanical disturbance,  consequent to  the 
process of transfer from the incubator to the hot box, and from the 
tray to the microscope stage, was also ruled out.  The temperature of 
the microscope hot box was next readjusted, being set at 39°  (±.1), 
the blood  temperature  of the  rabbit  and  the  chic  k .  Despite  these 
precautions  the  number  of  degenerate  cultures  was  not  materially 
decreased, while the peculiar type of cellular degeneration remained 
unchanged. 
The elimination of these factors, together with the data concerning 
the  distribution of degeneration through  any one series of cultures, 
strongly  indicated  that  the  action  of  light,  ultra-violet,  visible,  or 
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scope lamp itself, was the most probable agent in causing the degenera- 
tion.  In order to test out the possibility that light was the causative 
factor, three  series of twenty cultures were prepared.  These cultures 
were  inoculated  in  very  dim  daylight,  and  were  placed  in  the  dark 
incubator  as  quickly  as  possible.  All  further  handling  of  these 
cultures  was  also  done  only  in  very  dim  light.  The  individual 
cultures were taken from the incubator only as needed,  placed on the 
microscope  stage  with  the  lamp  cut off,  and  were  allowed  to remain 
in  the  dark  for  from  5  to  15  minutes  in  order  that  the  cells  might 
recover  from  any  slight  abnormalities  due  to  shaking.  Protocols  of 
a  group of  representative  cultures  taken  from  these  three  series  are 
presented  below. 
Experiment  1. 
Culture 546.--Blood was drawn from a  young rabbit under light,  ether anes- 
thesia.  Cultures were planted in autogenous serum and incubated at 39  °.  The 
light source used in the examination of these cultures was the same as for Culture 
270.  13.5 hours after inoculation:  Examination  and irradiation  of  the  culture 
were begun.  The culture at this time was normal; the cells were moving around 
slowly.  The first observations were made with the substage iris diaphragm closed 
to its  limit,  and  the light reaching the  culture  further  reduced by means of a 
Wratten and Wainwright Filter 58 (green).  After several minutes examination, 
the iris diaphragm was opened, but the filter was left in place.  The neutrophils 
almost  immediately  began  moving  more  rapidly.  The  green  filter  was  next 
removed, thus increasing the intensity of light reaching  the  culture.  Brownian 
movement of the cell  granules of the neutrophils began within  10 seconds, and 
soon became greatly augmented.  Within  1 minute  cell motion itself had  also 
greatly increased.  1 minute later the filter was again inserted and the examination 
continued with dosed iris diaphragm for 2 minutes.  During this time cell move- 
ment became slowly reduced, both in velocity and in magnitude.  At the end of 
this time the light was cut off.  1 minute later it was turned on again; during this 
interval in the dark cell movement had practically ceased, but within a minute or 
so after the light was turned on it was back to the level at which it was observed 
at the beginning of the examination.  The light was again cut off,  this time for 
10 minutes,  then cut on again.  At this time the cells were badly swollen,  were 
rounded up, and cell movement had ceased.  The nuclei of the cells were spheri- 
cal and edematous.  There was also a decided increase in the brownian movement 
of the cell granules.  The total time of examination and irradiation was less than 
20 minutes. 
Cultures 582 and 583.--Blood was taken from the abdominal aorta of a young 
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serum and incubated at 39  °  .  The light source used in  the examination of the 
culture was  a  60  watt,  110  volt, vacuum-filled  globe.  35  mm.  of water was 
inserted into the optical path.  For the spectrum of this light source see Spectrum 
2, Fig. 4.  90 minutes after inoculation:  These two cultures were taken from the 
dark incubator and placed side by side on the microscope stage, in such a manner 
that while Culture 582 received the full intensity of light coming up through the 
microscope condenser, Culture 583 rested on the black microscope stage and was 
protected by it from exposure to light.  Examination and irradiation were begun. 
At this time the cells of Culture 582 appeared perfectly normal.  The neutrophils 
were very active, and there was no sign of rounding up.  10 minutes later: These 
cells were still very active; if any change had occurred, there was a slight stimu- 
lation.  30 minutes:  All of the neutrophils of Culture 582 were rounded up; their 
nuclei were  slightly swollen,  and  their cytoplasm had  coagulated,  while  their 
granules appeared somewhat hazy.  At this time Culture 583 was given its first 
examination.  The cells of this culture were perfectly normal;  the neutrophils 
were moving around actively.  No sign of the degeneration noted in Culture 582 
could be seen. 
The  results  shown  by  the  cultures  examined  in  this  experiment 
may be briefly summarized as follows. 
1.  Radiant  energy of  such  intensities  and  wave-lengths  as  origi- 
nated  from the microscope light source, acting on these cultures for 
periods of time varying from 2 minutes to about 70 minutes, produced 
an extreme and unmistakable effect on the cultures. 
2.  This  action  may be  said  to  have  had  three phases,  as  follows. 
(a)  There was  first a  short latent period during which no effect was 
noted.  This period lasted from 3 seconds to 30 minutes.  (b)  Follow- 
ing the latent period there was an increase in the activity of the cell; 
the cellular movements were more extensive and more rapid.  There 
was  also  a  great decrease in  the viscosity of the  cytoplasm, as  indi- 
cated by the  tremendously increased  amplitude of  brownian  move- 
ment of the  granules within  the  cell.  (c)  Following this,  there was 
a  terminal period  during which  the  cell rounded up.  The viscosity 
of its  cytoplasm still  further decreased.  This was  accompanied  by 
a  swelling of the  cell, or often, by coagulation. 
3.  The  degeneration  noted  in  the  cells  of  this  series  of  cultures, 
apparently  coincided  in  every respect  with  the  degeneration  noted 
in previous cultures and described as of unknown etiology. 
4.  The continued action of light was not essential for the completion 
of  the  degenerative  process  in  the  cell.  A  very short  exposure  (3 464  EFYWCT  OF LIGHT  ON  BLOOD  AND  TISSUE  CELLS.  I 
minutes), produced little or no visible effect at the time, but even this 
was often found to be sufficient to cause the death of the  cells in  the 
culture within a  few hours. 
5.  There was  a  curious  irregularity in  the  time required for  the 
degeneration of different cultures from  the  same  series  even  when 
all were irradiated  by the same source of light.  For  instance,  the 
degeneration time of one  culture was 35 minutes, while that of another 
in the same series was  90 minutes. 
The positive  findings summarized above have been  confirmed by 
several  hundred  other  cultures,  examined  at  a  later  time  in  the 
accumulation of other data concerning this degeneration. 
It having been definitely determined that irradiation of the cultures 
did cause a  rapid degeneration of the white blood cells, an attempt 
was made to determine what wave-lengths of light caused this degen- 
eration.  The degeneration had been constant in its appearance upon 
exposure of the culture to light from any of the previously described 
sources.  As  a  standard  source of light  for  the  further analysis of 
the problem, the 6 volL 108 watt microscope lamp was chosen (Spec- 
trum 3,  Fig.  4).  Besides  the condenser system, 2  ram. of Coming 
daylight glass and a 35 ram. water-ceU were also inserted in the path 
of the light.  The light reaching the eye with this arrangement was 
of nearly daylight quality and of an intensity comfortable for visual 
work with a  binocular microscope fitted with an oil immersion lens 
and 12  ×  oculars. 
With this light source, and optical system, the degeneration might 
conceivably have been due to a concentration of infra-red rays on the 
culture,  with  a  resultant  heat  coagulation  of  the  cells.  In  order 
to  investigate  this  possibility,  a  special glass  "heat filter"  (Spencer 
Lens  Company) absorbing a  large part of the infra-red rays  (65-75 
per cent) was also inserted into the optical path (Spectrum 4, Fig. 4). 
In spite of the removal of such a  large part of the infra-red heat 
waves from the light reaching the culture, the degeneration produced 
was  apparently  exactly the  same  as  if  no heat  filter or  water-cell 
had been used.  While it is conceivable that this degeneration might 
ihave resulted from the residual infra-red waves reaching the culture 
through the optical system, the fact that there was no change in the 
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infra-red  wave-lengths,  makes  it  appear  conclusive  that  the  effect 
produced was not due to a heat coagulation of the cell. 
With  this  possibility eliminated,  the  next  step  was  to  determine 
what range of wave-lengths was responsible for the degeneration.  In 
order to do this the same light source and optical system were used, 
while  various Wratten  light  filters were substituted  for the  Corning 
daylight glass.  By this means the spectral range of the light admitted 
to  the  cultures  was  divided  into  several  wave-length  zones.  The 
filters  employed,  together  with  their  transmission  zones  and  total 
transmissions  (3), are listed  in  Table  I,  while  spectrograms  showing 
their light transmissions are shown in Spectra 5, 6, 7, Fig. 4. 
TABLE  I. 
Filter 
Color of 
transmission 
Blue 
Green 
Red 
Number 
45 
58 
29 
Wave-length zones in mA 
320 to 390; 430 to 550; infra-red. 
(Spectrum 5, Fig. 4.) 
475 to 630; 690 to infra-red. 
(Spectrum 6, Fig. 4.) 
600 to infra-red. 
(Spectrum 7, Fig. 4.) 
Total 
transmission 
~rG~t 
5.0 
~.0 
6.6 
The  results  of this  experiment  showed that  light  transmitted  by 
any one of these filters was active in causing the degeneration noted. 
Further, it was found that the time periods required for the degenera- 
tion of different cultures varied over a  wide range for any one filter, 
and  that  the  time periods required  for the degeneration  of different 
cultures of the same series, varied through the same wide limits when 
any one of the three filters, or when no filter was employed. 
Hanging Drop Cultures of Whole Blood. 
While  the  preceding  experiments  have  definitely  shown  that  the 
action  of  radiant  energy  did  cause an  extreme degeneration of the 
leucocytes, it was recognized that  cells in  this  type of culture were 
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centrifugation  and  lowering  of  temperature  to  22°C.  for  about  an 
hour, then washed with an artificial saline solution, and planted in an 
artificial  culture  medium.  Any one  or  all  of  these  manipulations 
might  make  these  cells  particularly  susceptible  to  the  action  of 
radiant  energy,  either by increasing  the  fragility of the  cells,  or by 
otherwise  changing  their  physical  or  chemical  characteristics.  In 
order to  control as many of these  factors as possible,  another group 
of cultures was prepared and examined.  In the preparation of these 
cultures the following technique was employed. 
A drop of blood was drawn from a vein of a rabbit's ear, a cover-slip quickly 
touched to it, and then given a slight jerk so that the drop was spread out into a 
streak on the cover-slip.  The cover-slip was then inverted on a hollow ground 
slide, and the edges of the cover-slip were  sealed with "Salvoline."  The culture 
was immediately placed at blood temperature and irradiation was begun within 
10 minutes.  These cultures were prepared in groups of three or four.  Of these, 
one was irradiated while the other two or three were kept in the dark as controls. 
The protocol of a representative culture of this series, together with its control, 
is presented below. 
Culture 1062.--ExamJnation  and irradiation begun.  The neutrophils at  this 
time were moving around actively; the other cells appeared normal.  30 minutes 
later:  The neutrophils were  moving around very rapidly as  though  markedly 
stimulated.  67 min~es:  The neutrophils had practically ceased moving around 
and  were  rounding up.  100  minutes:  The  neutrophils within  the  illuminated 
area of the culture had all coagulated. 
Culture 1063.--Control culture, kept in the dark.  200 minutes after inoculation: 
Examination begun: The neutrophils were normal and were moving around fairly 
rapidly. 
As may be seen from this experiment,  the  degeneration  observed 
in saline and serum cultures of white blood cells appeared in a perfectly 
characteristic  manner  in  these  hanging  drop  preparations  of whole 
blood.  Since this was true, it appeared certain that the degeneration 
of leucocytes in vitro under the action of light, was not dependent upon 
prolonged temperature changes,  the centrifugatio.n to which the cells 
in culture were subjected, or the relatively rough handling necessary 
in  the  preparation  of  the  tissue  cultures,  nor  was  it  dependent  on 
changes  in  saline  concentration  to  which  the  cells  in  culture  were 
subjected.  It seemed to be a property of the leucocyte as it occurred 
in freshly drawn blood. w.  2.  ~AP,  XE  467 
This degeneration of the leucocytes in hanging drop cultures of whole 
blood was also found to occur in perfectly typical manner upon ir- 
radiation of the culture through the various light filters previously 
described.  It was also found to occur as usual upon irradiation of the 
culture through a 6 ram. thickness of Coming "Noviol C" glass, which 
transmitted only wave-lengths longer than 480/z/~, and a  heat filter 
made up of a 3 can. thickness of 5 per cent cupric sulfate. 
In  examining the  data  accumulated in  all  of these  experiments, 
however, a  tabulation of the time required for the degeneration of 
TABLE  II, 
Irradiation  Time Required to Cause Polymorphonuclear Neutropkils  to Round Up, 
in Hanging Drop Cultures and in Hanging Drops of Whole Blood. 
In  tissue  culture 
Culture  number 
472 
507 
587 
588 
589 
608 
612 
614 
618 
631 
Average. 
Time 
~nin. 
10 
10 
3O 
35 
9O 
6O 
12 
41 
7 
14 
In  hanging  drops  of  whole  blood 
31 
Culture  number 
1051 
1059 
1060 
1062 
1317 
1320 
1322 
1512 
1577 
1578 
Time 
170 
95 
45 
67 
120 
58 
75 
6O 
55 
6O 
80 
the leucocyte, e.g.  the neutrophil, in ten representative hanging drop 
preparations of whole blood, and in ten representative tissue cultures 
prepared from the buffy coat of the centrifugated clot, showed that in 
the former the average time was 80 minutes, in the latter, only 31 
minutes.  Such a comparison of the degeneration time of representa- 
tive cultures of both types is presented in Table II. 
DISCUSSION. 
From  the  data  presented,  it may be  seen  that  the  degeneration 
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of light on the cells.  It is well known that the RSntgen or ultra-violet 
regions of the spectrum may have a very profound effect on the organ- 
ism, and the present work indicates that, certainly in the case of the 
blood cells in vitro, this action extends far down into the visual spec- 
trum, certainly lower than 600 double micra.  Further, as in the case 
of the generally known action of the shorter light waves of the spec- 
trum,  the  action  of these longer light  waves  is  to  produce first  a 
stimulation, and later a degeneration of the irradiated cells.  That this 
process of degeneration was conditioned by more than  one factor is 
indicated by the divergent courses which were sometimes seen in the 
degeneration of different cells of the same type.  In different cultures, 
cells were seen in which there was little swelling, but a coagulation of 
the  cytoplasm.  In other cultures the  cells died in  an expanded or 
lobulated condition (Fig. 3), while in still others, cells were seen with 
peculiar pouchings of the nuclear or cell walls which gave evidence 
that at least one change in structure had been a  weakening of these 
walls.  Nor were these so much the peculiarities of single cells,  for 
generally the cells in any one culture, and occasionally, in any one 
series of cultures, showed a  curious similarity in their degeneration. 
In  emphasizing  these  divergent types of degeneration,  however,  it 
should be remembered that in the great majority of cultures there was 
a remarkable uniformity in the process (Fig. 1). 
There were two terminations commonly seen in  the degeneration 
of the neutrophil, under the influence of light.  In the one, the cell 
swelled to  about  three  times  its  normal diameter,  sometimes even 
extruding some of its contents; whereas, in the other process, there 
was more of a  gradual coagulation of the cell.  What the fundamental 
differences are, which decide the tyl~e of degeneration any one neutro- 
phil will undergo, has not been determined. 
The final achromatic dead cells resulting from neutrophils which 
had  undergone the  coagulative  type of terminal degeneration were 
often indistinguishable from the typical "non-motile" cell described 
by Sabin  (8).  On the other hand, neutrophils which had undergone 
the hydropsical type of degeneration, produced dead cells which were 
tremendously  swollen.  When  the  swelling  became  so  great  as  to 
rupture the cell however, the collapsed cell often looked like a  typical 
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There is a  marked similarity between the hydropsical type of de- 
generation described above, and the type of degeneration described 
by Kubie and Schultz  (4,  page  101) for the neutrophil occurring in 
cerebrospinal  fluid.  The  technique  given  by  these  authors  raises 
the question as to whether this degeneration noted by them was not 
due,  in  part  at least, to the action of light during the handling of 
the cells.  The similarity between the degeneration that they describe 
and that shown by the neutrophils in the present study may readily 
be seen by a  comparison of their Figs.  llb and 12b with the present 
Fig. 1. 
As was pointed out in the descriptions of the degeneration of the 
different types of leucocytes under the action of light, one very striking 
difference between the cells is  the amount of fatty material which 
becomes  visible  within  their  cytoplasm  during  their  processes  of 
degeneration.  The  cell  liberating  the  greatest  quantity  of  this 
fatty material was the monocyte, while the neutrophil liberated the 
next  greatest  quantity.  All  other  cells  liberated  relatively  little, 
and none has been observed in  the lymphocyte.  The fundamental 
causes of this difference have not been indicated. 
We are at present unable to explain the difference in the time re- 
quired for the degeneration of the leucocytes in serum cultures and 
in hanging drop cultures of whole blood.  It is conceivable, however, 
that  although the  rougher handling and  abaormal  solutions in  the 
cultures planted in serum, may not be the factors sensitizing the leu- 
cocytes to light, they may, by some increase in the cell fragility, for 
instance, make the leucocyte more easily killed upon irradiation.  Or 
it is possible that  the longer time required for the degeneration of 
the leucocytes in hanging drops of blood may be solely due to  the 
presence of red blood cells, and this action may be due either to their 
reducing the actual amount of light reaching the leucocyte, or, more 
probably, to other physical or chemical properties which the red cell 
may possess. 
In  considering what  relation  this  degeneration  of  leucocytes  in 
~itro, under the action of light, may bear to the action of light on these 
cells in vivo,  the conditions in the two instances are so dissimilar that 
comparison is difficult with our present data.  In vitro the cells are 
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complicated by systemic reactions.  It is significant, however, that in 
the work of Reed  (7),  and  also  of  Clark  (2),  with light  from  the 
unfiltered iron arc, irradiation resulted in an immediate drop in the 
total white cell count.  It is at least possible that in each  of  these 
instances irradiation may have resulted in injury to  the leucocytes 
in vivo and their subsequent removal from the blood stream by sys- 
temic agencies.  That such injury did occur in the work of Miles and 
Laurens  (6)  is  positively indicated by  the  fact  that  these  authors 
report that following irradiation, in addition to marked fluctuations 
in  the  white  cell  count,  there were many  "smudges" in  the  blood 
smears, these indicating a rapid destruction of white cells. 
It  should be  noted however, that  upon irradiating  animals with 
light from the iron arc, filtered through glass, Clark found no such 
drop in the total  count  as she had found to follow irradiation with 
unfiltered light.  There was, however, a  marked lymphopenia, com- 
pensated by an increase in the number of neutrophils.  This source 
of  light,  filtered through glass,  might be  considered as  fairly  com- 
parable to the source used in the experiments described in this paper, 
whereas the light used by Reed, by Miles and Laurens, and  by  Clark, 
in her experiment with unfiltered  light,  was very rich  in  ultra-violet 
wave-lengths.  As a consequence of these discrepancies, the  nature  of 
the relationship between the results reported in this paper and those 
reported by the above workers, is far from clear. 
SUMMARY. 
1.  An  extreme  and  rapid  degeneration which occurred  in  tissue 
cultures of leucocytes from the blood of  cats,  guinea pigs, and rabbits, 
is described in detail. 
2.  This degeneration was found to appear in the culture when the 
cells were planted in any of the culture media tried, some of which 
were  autogenous heparin  plasma,  autogenous  plasma,  autogenous 
serum, Tyrode solution, and mixtures of these with embryo juice. 
3.  The specific cellular changes which occurred are  described for 
the different leucocytes.  In general, there was first a  latent period 
during which no  change could be observed in  the cell.  Following 
this there was a period of stimulation during which the motion of the 
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in all cells except the lymphocyte, in which it may possibly occur to 
a  slight  degree.  Finally  there  was  the  terminal  stage,  the  stage of 
degeneration, in which the cell rounded up, lost its motility, and either 
became  badly  swollen  or  else  underwent  a  more  or  less  complete 
coagulation. 
4.  The factor causing this degeneration was found to be exposure 
of the culture to light, as, for example, during microscopic examination. 
5.  By  a  reduction  of  the  infra-red  part  of  the  spectrum,  it  was 
indicated  that  the  effect  was  not  due  to  a  heat  coagulation of  the 
cells. 
6.  This  degeneration  was  also  found  to  occur  in  the  complete 
absence of ultra-violet wave-lengths. 
7.  Further,  it  was  shown  that  this  degeneration  was  caused  by 
light which lay within each of the three wave-length zones (1) 430## 
to  550##;  infra-red;  (2)  475/~/~ to  630##;  690/z/z  to  infra-red;  (3) 
600#/z to infra-red. 
8.  No indication was given as to whether all regions of these zones 
were active in causing the degeneration, or whether the active rays are 
limited to certain wave-length bands lying within these zones. 
9.  This degeneration of the leucocytes under the action of light was 
also found to occur upon irradiation of hanging drops of whole blood. 
This  is  interpreted  as  showing  conclusively  that  the  degeneration 
was  not  dependent  upon  the  additional  factors  of  centrifugation, 
continued  lowering  of  temperature,  or  the  presence  of  abnormal 
saline solution. 
10.  It  was  noted,  however,  that  the  leucocytes  in  hanging  drop 
cultures required a markedly longer time for their degeneration under 
the action of light than did the leucocytes in cultures prepared from 
the buffy coat and inoculated in serum.  This is considered as pos- 
sibly due, either to injury to the cell during centrifugation and subse- 
quent handling, or  to  some action of  the  red blood cells present in 
large amounts in the hanging drops of whole blood. 
11.  In these hanging drop cultures of whole blood degeneration of 
the leucocytes was also  found to occur when the light reaching the 
culture was first freed from the larger part of its infra-red and from all 
of its ultra-violet. 472  EFFECT  OF LIGHT  ON  BLOOD  AND  TISSUE  CELLS.  I 
12.  It was also  shown that  the same degeneration was produced 
by wave-lengths of light lying within each of the three wave-length 
zones defined in Section 6 of this summary. 
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EXPLANATION OF  PLATES. 
PLATE 9. 
FIG.  1.  Polymorphonuclear neutrophils  of cat; from serum culture.  ×  1000. 
These cells show a  typical degeneration resulting from an 80 minute exposure to 
light from the 6 volt 108 watt lamp described in the text, the light passing through 
an aspheric condenser of 6  can.  diameter, 35 ram. of water,  and  the microscope 
substage  condenser  (glass).  By  a  comparison  with  the  eosinophils  shown  in 
Fig.  2,  which  are photographed  at the  same magnification,  and which  are only 
slightly swollen, it may be seen that these neutrophils  are swollen to over three w.  ~.  ~.ART.~.  473 
times  their  normal  diameter.  The  spherical  nuclei  and  oil  droplets  are  easily 
seen. 
FIO.  2.  Polymorphonuclear eosinophils of cat; from serum culture.  X  1000. 
Irradiated for 30 minutes by light from the same light source.  Note the swollen 
nuclei and the tendency for the nuclei to become spherical.  The ceils are swollen 
to about one and one-fourth times their natural size. 
FIG.  3.  Polymorphonuclear neutrophils of rabbit; from hanging drop of whole 
blood.  ×  1000.  Irradiated for 4  hours with the above light source,  the light 
also passing through 2 mm. of Coming daylight glass, 20 ram. of plate glass, and 
the infra-red filter described in the text.  Note that in this slide the cells have 
coagulated and died in a partially expanded condition, and that they show little 
swelling.  These cells showed little change in the 2 hours preceding photographing. 
PLATE 10. 
FIG.  4.  Spectra  of different  light  sources  used  for  the  irradiation  of  cells. 
(1)  Spectrum of mercury arc, for comparison.  (2)  60 watt,  110  volt,  tungsten 
filament,  vacuum-filled,  electric  globe.  Light  passing  through  35  mm.  water, 
250 ram. air, glass substage condenser.  (3)  108 watt, 6  volt, tungsten filament, 
gas-filled electric globe.  Light passing through a 6 cm. aspheric glass condenser 
about 1 cm. thick.  (4) As in 3, except that light also passed through 35 ram.  of 
water, the special heat filter described in the text, 20 mm. lime-soda glass, 2  mm 
Coming daylight glass, and the microscope suhstage condenser (glass).  (5)  As 
in 4, except that Wratten  Filter 45 was substituted for the daylight glass.  (6) 
As in 4,  except  that  Wratten  Filter  58 was substituted  for the  daylight glass. 
(7) As in 4, except that Wratten Filter 29 was substituted for the daylight glass. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  XLVIII.  PLATE 
Fro.  1. 
FIG.  2. 
FIG.  3. 
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